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INTRODUCTION  
 
Construction industry is considered as major stimulant to Malaysia economy. However, it 
also generates waste from the construction activities [1]. Concrete is the most favourite choice 
used in construction industry because of its basic ingredients are easily to find, little maintenance 
service, easily to handle, most economical material, good in compression, durable and good fire 
resistance. Furthermore, there is scarcity of natural sources like coarse aggregate [2]. 
Revolutions in seeking new material for construction materials never stop. Human being starts to 
realise that the fact of environment impacts due to the poor management of waste product 
produced by industries in this whole world. The increasingly wide spectrum of environmental 
issues makes it necessary to adopt preventive approach to the link between manufacturing 
activities and environment quality. Therefore, a better and more sustainable initiative should be 
applied such as recycling the waste products and reuse the by-products in construction industries. 
Nowadays, there are many research and development in Malaysia about the construction 
materials which are made from crushed glasses, ceramic waste and even plastic as well as 
polystyrene. This study was conducted to determine the density and the compressive strength test 
of the concrete with crushed glass and ceramic waste replacement as well as the water absorption 
test between the concrete made of crushed glass and ceramic waste. The colour of the waste 
material is not a consideration factor in this study. The grade of the concrete produced was Grade 
25 and the testing was conducted at 7 days and 28 days, respectively.  
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LITERATURE REVIEW 
 
Concrete as the world's largest amount of man-made materials is the preferred material 
that cannot be replaced in twenty-first century for all kinds of infrastructure construction. 
However, with the increasing amount of concrete, the consumption of natural resources such as 
sand and gravel aggregate are also increasing rapidly. It is estimated that the consumption of 
concrete industry is now at an annual rate of about 5 billion tons of natural aggregate, sand and 
gravel has become one of the largest amount of raw materials. A lot of mountains, quarrying 
have severely damaged the natural mountain landscape and green vegetation. Digging river sand 
has changed the bed position and shape, resulting in serious consequences, such as soil erosion 
or river diversions. Since many countries and regions have no merit even gravel and sand, 
concrete aggregate resources in a serious crisis. In response to this situation, people began to 
seek new aggregate resources, and has achieved some success, for example, the system of sea 
sand aggregate, waste concrete recycled aggregate, the used tailings production of aggregate and 
artificial aggregates [3]. In an effort to envisage the growing environmental and economic 
impact, the government, architects and engineers are searching for efficient, innovative building 
solutions that conserve non-renewable resources, in construction field, concrete is being the 
recognised for its strong environment benefits in supporting of creative and effective sustainable 
development [4].  
Municipal waste is mainly produced by households, though similar wastes from sources 
such as commerce, offices and public institutions are included. The amount of municipal waste 
generated consists of waste collected by or on behalf of municipal authorities and disposed of 
through the waste management system [5]. Statistics show the Malaysian population in urban 
area has increasing more than 50% in the last few decades. Moreover, the number of cities in 
peninsular Malaysia has increased 400% in 2000, as compared to the number of city in 1957 [6]. 
Rapid urbanization and industrialization transition in Malaysia have changed the solid waste 
characteristics [7]. Solid waste generation in Malaysia is estimated about 26 million tons in 2007. 
The composition of municipal solid waste is 30% from the total solid waste generated [8]. 
Statistics show nearly 50% of the municipal solid waste generated in Malaysia comes from 
household followed by commercial waste, street cleansing, institutional, industry and 
construction [9].  
The present research come out a new method of managing the waste by recycling them as 
materials replacement for natural resources in production, for instance, concrete production by 
replacing natural aggregate with crushed glasses, ceramic waste or fly ash [10]. It is estimated 
that the global demand for aggregate used in construction is growing 4.7 % annually and in 2011 
the global demand was 26.8 billion metric tons with a cost of $201 billion [11]. Aggregate 
typically account for 70-80 % of the concrete volume and nearly for 92-96 % of asphalt 
pavement. Hence, they play a substantial role in concrete properties such as workability, 
strength, dimensional stability and durability [12].  
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According to [12], in comparison to the environment impact from cement production, 
aggregate mining has minimal impact due to simple extraction without fundamental alteration is 
necessary to obtain aggregates. However, recently, the mining of aggregates and rocks is 
becoming an ecological problem in many parts of the world as the demand for sand and gravel is 
increasing rapidly due to rapid infrastructure activities all over the world. Aggregate mining is 
now creating ecological imbalance in several ways which are damaging biodiversity of nearby 
areas, causing erosion in the coastal and river bank, polluting water by increasing turbidity and 
suspended solid mater, destroying livelihood of the peoples that rely on fishing, increasing flood, 
noise and dust pollutions, damaging landscape and generating waste in mining as well as in the 
processing sites. 
Over the last few years considerable progress has been made in the development of new 
building materials from waste glass. Crushed glass is relatively little and limited in concrete 
application as aggregate. The crushed glass is said to have produced satisfactory strength in 
pressed concrete brick.  It may also mean that the strength achieved with fine glass aggregate 
was adequate as stipulated by BS 812: 103 (1985). Several researchers are working on solid 
waste as partially replacement substances based on the waste material such as ceramic waste and 
glass. These studies have been going on to preserve the natural basic aggregates and to promote 
use of the recycled aggregates to the next level in the concrete mix and to reuse the solid waste 
from construction again as a material in the concrete to decrease the land fill of solid waste and 
decrease the scarcity of natural aggregates like gravel and sand [13].. 
According to previous study, slump test of concrete containing waste glass as fine 
aggregate replacement decreased with increases in the waste glass content, but in spite of this 
decline in the slump, the mixes remained good workability [14].The study showed that the 
workability of ceramic aggregate concrete according to EN 12350-2 and concluded that, soft 
consistency (6-9 cm) was observed due to the incorporation of ceramic recycled aggregates. An 
interesting point observed in reduction of slump was 5.3% at 25% replacement of aggregate.  
Linear reduction of workability has been observed by a coefficient of 0.9878, this was witnessed 
during the experimentation due to higher water absorption, shape, texture and porosity of 
recycled ceramic aggregate [15]. 
Crushed glass replaced as fine aggregate into the concrete the compressive strength 
should be increased up to 20% replacement level and after 30% and 40% replacement level it 
goes to decreasing [16]. Reference [13] replaced both coarse aggregate and fine aggregate 
partially with tiles waste at 10% and 20% for both. Workability and compressive strength were 
studied at 7 and 28 days. The optimum results obtained is at 20% as fine aggregate and 10% as 
coarse aggregate. 
At 28 days, the percentages of reduction in water absorption for mixes containing 5%, 15% and 
20% of waste glass are 4.68%, 9.16 % and 14.86 % respectively compared to the controlled 
mixes [14].Water absorption of ceramic waste was 0.18% and that of natural aggregate was 
0.10%. Higher water absorption is observed for ceramic aggregate because of surface area, pore 
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structure and clay content. Ceramic aggregate has crystalline structure. The pore structure is 
compacted and even crushing of these will not wide open. So, due to this reason water absorption 
has increased little in ceramic scrap. Ceramic scrap has porcelain cover over the top surface, 
deglazing was done partially during chiseling and crushing. Partial deglazing of ceramic waste 
surface influences the water absorption property [17].  
According to the research by [14], it showed that an addition of waste glass resulted in a 
slight weight reduction due to the lower specific gravity of glass aggregate as compared with 
sand. The use of crushed ceramic waste as aggregates reduced the density of the concrete. The 
density of concrete with recycle ceramic waste aggregate was between 2000 - 2150 kg/m3 
compared with 2200 - 2350 kg/m3 for conventional concrete. The use of crushed ceramic waste 
as aggregates reduced the density of the concrete [18].  
 
 
 
Fig. 1: Slump of concrete with different percentage of Waste Glass [14] 
 
 
 
 
 
 
Concrete Materials. Series 1 2017 
ISBN 978-967-0764-84-9 
37 
 
 
Fig. 2: Compressive strength for different ages by using different percentages of crushed glass as   
sand into the concrete [16] 
 
 
 
 
Fig. 3: The result of compressive strength at 7 days [13] 
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Fig. 4:  The result of compressive strength at 28 days [13] 
 
 
 
 
Fig. 5: The Correlation between UPV and water absorption of waste glass concretes [14] 
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METHODOLOGY 
 
The flowchart was briefly explained about the flow of the works that have been conducted in this 
study. 
 
 
Fig. 6: Flowchart of this study 
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Preparation of  Materials 
The raw materials used for this study for concrete production is Ordinary Portland Cement 
(OPC), fine, coarse, crushed glass, ceramic waste and water. The following elaborate each 
material used.  
• Fine Aggregate  
Fine aggregate or sand is distinguished from crushed stones by the size of grains or particles. 
Fine aggregate used to prepare the concrete is sand. It satisfles the requirement of MS 29:1995. 
• Coarse aggregate  
Coarse aggregate used in the present study are the squashed stone. The extent of the coarse total 
was utilised as going through sieve size of 20 mm.  
• Crushed glass 
The waste glass was gathered from the household waste such as beverage glass bottles and the 
sauce glass bottles. They were collected from the neighbourhood area and the shop which sell the 
glass bottles products such as Coca-Cola and Sprite carbohydrate drink. The sieve size of the 
crushed glass should be passing 5.00 mm. The chemical composition of the glass sample used in 
this study is shown in Table 1. 
 
Table 1: Chemical Composition of Glass Sample 
Components Percentage (%) 
Silica (SiO2) 70.4 
Alumina (Al2O3) 1.9 
Iron oxide (Fe2O3) 1.2 
Magnesium oxide 
(MgO) 
10.3 
Sodium oxide (Na2O) 14.0 
Potassium oxide (K2O) 0.4 
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• Ceramic Waste  
 The ceramic waste was collected from the household waste. For example, the ceramic 
waste in this study includes the clay pot, ceramic plates and cups. They were collected from the 
household area. The sieve size of the ceramic waste should be passing 5.00 mm. The chemical 
composition of the ceramic waste sample used in this study is shown in Table 2.  
Table 2: Chemical composition of ceramic pastes (%) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Type SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O TiO2 
Red paste 
twice fired 
ceramic  
51.7 18.2 6.1 6.1 2.4 0.2 4.6 0.8 
White 
paste once-
fired 
ceramic  
58.0 18.0 1.0 8.3 0.6 0.2 1.2 0.8 
White 
paste for 
twice-fired 
ceramic  
59.8 18.6 1.7 5.5 3.5 1.6 2.5 0.4 
Red paste 
for 
stoneware 
tile 
49.1 20.3 7.7 1.2 1.1 0.4 4.2 0.9 
White 
paste for 
stoneware 
tile 
65.0 21.3 1.3 0.2 0.3 2.5 3.7 0.2 
White 
paste for 
sanitary 
ware 
65.8 22.2 0.6 0.1 0.1 0.2 3.5 0.3 
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• Water  
 In this study, normal potable water was used. The cube specimen preparation process and 
the curing process for all cube specimens used potable water. 
 
Mix Proportion 
 The DOE format was used in this study for mix proportioning and the mix proportion can 
be referred to Table 3. The mix design targated grade 25 concrete. The water cement ratio used 
was 0.5. The casting of the cubes was conducted in timber moulds of 100 mm x 100 mm x 100 
mm. The cube specimens were prepared by using crushed glass and ceramic waste as partial 
replacement of fine aggregate by 10%, 20% and 30% respectively. After the moulded cubes were 
demouled, they were immersed in curing basin for curing. In this study, the testing included the 
compressive strength for 7 days and 28 days, density test as well as water absorption test at 28 
days.  
Table 3: The mix proportion for seven series of concrete containing crushed, glass, and ceramic 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
Sample Water-
Cement 
Ratio 
Cement Fine 
Aggregate 
Coarse 
Aggregate 
Waste 
material 
replaced 
Kilograms (kg) per m3 
N 0.5 0.42 0.57 1.20 0.00 
G1 0.5 0.42 0.51 1.20 0.06 
G2 0.5 0.42 0.46 1.20 0.11 
G3 0.5 0.42 0.40 1.20 0.17 
C1 0.5 0.42 0.57 1.20 0.06 
C2 0.5 0.42 0.57 1.20 0.11 
C3 0.5 0.42 0.57 1.20 0.17 
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Test Procedure 
• Water absorption 
 Water absorption test was performed on both types of coarse aggregates by 
keeping the samples immersed in water and removing the excess water on surface of the samples 
after 24 hours, and measuring the saturated weight. After that the samples were kept in oven by 
maintaining 100 ±5°C for one day. Oven dry weight of the samples is recorded and the water 
absorption is evaluated. The Equation 1.0 shown as the formula to calculate the water absorption 
percentage. In order to achieve the objective of the study, laboratory tests were conducted. The 
test conducted in this study were slump test, compressive strength test and flexural strength test. 
 
 
 
 	

  =  
    (   !"#!$)
  
 & 100%           (5.1) 
 
• Compressive strength 
 Six cube specimens for each replacement percentage were cast according to the design 
mix. The size of cubes is 100 mm x100 mm x100mm. To study the workability, slump cone test 
and compaction factor tests were performed. Specimens were compacted in table vibrator and 
de-moulded after 24 hours and cured in water pond at temperature of 27 ±2° for a period of 
28days. After completion of curing period, specimens were removed from pond, kept for drying 
and then testing.   
  
• Density Test 
The cubes were cured to the relatively days, then the mass of the cube was weight before 
compressive strength test was conducted. Density test was calculated by using the Equation 5.2. 
Density =  Mass/Volume  (5.2) 
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RESULT AND DISCUSSIONS 
• Visual finding  
 The finding was presented by doing the split test on concrete sample to show the 
elements inside the concrete samples. The visual finding was showed in Figure 7- . 
 
 
Fig. 7. Normal Concrete without glass and ceramic replacement 
 
 
Fig. 8. Concrete with glass replacement 
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Fig. 9. Concrete with ceramic waste replacement 
 
• Overall Finding Results 
 
The series of concrete specimen is summarised in Table 4 and Table 5 with different materials used and 
the percentage of replacement respectively. The summary of testing results is shown in Table 6. The 
testing included compressive strength test, water absorption and slump test.  
Table 4: Series of mixes of the concrete by replacing waste materials in concrete 
 
Sample 
Series 
Notation 
N Normal concrete without any waste material replacement 
G1 Concrete with 10% replacement of crushed glass 
G2 Concrete with 20% replacement of crushed glass 
G3 Concrete with 30% replacement of crushed glass 
C1 Concrete with 10% replacement of ceramic waste 
C2 Concrete with 20% replacement of ceramic waste 
C3 Concrete with 30% replacement of ceramic waste 
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Table 5: Concrete Sample Component Series 
Sample Replacement 
Material 
Natural Fine 
Aggregate 
Percentage (%) 
Percentage of 
replacement 
(%) 
N - 100 0 
G1 Glass Waste 90 10 
G2 Glass Waste 80 20 
G3 Glass Waste 70 30 
C1 Ceramic Waste 90 10 
C2 Ceramic Waste 80 20 
C3 Ceramic Waste 70 30 
 
Table 6: Summary Testing Results 
Sample Compressive Strength Test 
(MPa) 
Water 
Absorption at 
28 days 
(%) 
Density 
(kg/m3) 
Slump 
Test 
(mm) 
7 days 28 days 
N 19.96 33.80 3.84 2.41 55 
G1 26.80 34.00 3.42 2.36 45 
G2 20.58 31.30 3.20 2.34 40 
G3 15.10 29.90 2.71 2.25 35 
C1 28.50 37.80 3.56 2.43 50 
C2 29.10 35.20 2.87 2.38 40 
C3 26.20 34.10 4.62 2.28 35 
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• 10% Fine Value Test 
The 10% fine value test was carried out as a measure of resistance of the aggregate to the 
crushing. According to BS 812:1990 Part 3, after applying loading, the percentage of the sample 
which passing sieve size of 2.36 mm must fall within 7.5 % to 12.5%. The result of the 10% fine 
value was showed in Table 7. The equation used in calculating the load for 10% fines as shown 
in Equation 3.0. 
*  +	 ,-. (*+,) =  
/0 1
20
 (3.0) 
 
where; 
x = maximum forces used (kN) 
y = percentage fines from the test (%) 
 
Since, there was no guideline and standard for glass and ceramic waste in terms of 10% 
fine value. However, from the experimental works in this study, force to produce 10% fines was 
found out the highest in ceramic waste, followed by the glass waste and lastly was natural fine 
aggregate which was sand. Hence, from the result obtained, ceramic waste had the highest 
resistance to crushing.  
 
Table 7: Ten Percent Fine Value for glass and ceramic 
Sample 10% Fine Value (%) TFV (kN) 
Natural Fine Aggregate 12.3 93.11 
Glass Waste 11.3 98.00 
Ceramic Waste 11.8 289.0 
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• Workability  
There were total of seven series of mixes in this study. Slump test was carried out to 
determine the workability of the fresh concrete for each time after mixing the concrete. Table 8 
shows the slump test result obtained from the experimental works. There was only true slump 
obtained from the experimental works. 
 The slump test showed a decreasing trend with an increasing percentage of replacement of 
waste. In the DOE form, the slump test was designed within the range of 30 mm to 60 mm. 
Hence, the result obtained for slump test were acceptable. The higher the workability, easier to 
handle and compact the fresh concrete into mould. When the ceramic waste was added into the 
sample, the workability of the concrete was decreased due to the property of the ceramic waste 
which could absorb water in the concrete. The glass waste replacement also achieved the same 
result due to the glass sample used with finer particular size grading. Hence, the concrete with 
higher replacement of waste, lower the workability was obtained.  
 
Table 8: Slump Test Result obtained from experimental work 
Sample Slump Test (mm) 
N 55 
G1 45 
G2 40 
G3 35 
C1 50 
C2 40 
C3 35 
 
• Density 
In this study, the density of the concrete cubes was measured before it subjected to 
compressive strength test. After concrete was cured, the sample was taken out and dried with dry 
cloth. The weight of the concrete cubes was weighed. The result of the densities was shown in 
Figure 10. From the figure, it was obvious to observe that the density was decreasing with the 
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increasing of the waste replacement in concrete. Therefore, by replacing the waste into concrete 
can reduce the density of the concrete.  
 
 
 
Fig. 10. The density for all the samples in this study 
Compressive strength is very important in concrete production. This is because the 
function of concrete is to withstand the loading on the structures. Hence, higher the compressive 
strength can afford higher loading. Compressive strength of concrete is the main subject for the 
study and it was about the correlation between the waste materials used and the strength of 
concrete samples produced in different percentage of replacement. The test cubes adopted water 
curing as a method of curing in this study. The compressive strength result was tabulated in 
Table 9. Figure 11, shows the comparison of the strength of different percentage of replacement 
at seven (7) days and 28 days.  
Based on the table and figure above, the ceramic waste replacement samples obtained 
highest result for compressive strength test. 10%, 20% and 30% of replacement of ceramic waste 
achieved higher result compared to normal concrete sample. Meanwhile, for glass waste 
replacement, only 10% of replacement obtained optimum performance compared to normal 
concrete sample. From the figure above, the optimum percentage of replacement was 10% 
replacement for both glass waste and ceramic waste. Glass waste with 10% replacement obtained 
26.8 MPa at 7 days and 34.00 MPa at 28 days while foe ceramic waste achieved 24.2 MPa at 7 
days as well as 37.8 MPa at 28 days compared to the normal concrete only achieved 19.96 MPa 
at 7 days and 33.8 MPa at 28 days.  
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Sample Series Compressive Strength Test 
(MPa) 
7 days 28 days 
N 19.96 33.80 
G1 26.80 34.00 
G2 20.58 31.30 
G3 15.10 29.90 
C1 24.20 37.80 
C2 29.10 35.20 
C3 26.20 34.10 
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Fig. 11. Comparison between different samples in this study 
• Water Absorption Test 
The water absorption test was carried out to test the surface water absorption 
performance in 24 hours. According to BS 1881: Part 122: 1983, the water absorption is an 
important factor which is used to classify the durability of concrete. Concrete acts a protection to 
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reinforcement inside the concrete indirectly determine the durability of reinforced concrete. The 
result for water absorption was measured at 28 days for mature curing concrete. The result was 
presented in Table 10 and Figure 12. 
In Figure 12, the water absorption performance between different replacement 
percentages by using two different waste materials used had measured. This could be clearly 
observed that the water absorption for glass waste replacement concrete obtained a decreasing 
trend of the graph with the increasing of percentage of replacement in concrete cube. On the 
other hand, ceramic waste cube sample obtained a totally different trend with glass trend with 
glass waste replacement. The result was due to the water absorption property in ceramic material 
and non-water absorption property in glass waste. The higher the ceramic waste used to replace 
natural fine aggregate in concrete cube, the higher the water absorption percentage obtained. 
This could cause the corrosion happen in reinforcement which is located inside the concrete. For 
glass waste replacement, the higher the replacement percentage, the lower the water absorption 
percentage obtained.   
 
Table 10: Water absorption of all the series of cube samples 
Sample 
Series 
Water Absorption at 28 
days (%) 
N 3.84 
G1 3.42 
G2 3.20 
G3 2.71 
C1 3.56 
C2 4.41 
C3 4.62 
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Fig. 12. Water Absorption Test at 28 days for all the series of cube samples 
 
CONCLUSIONS 
 
After few series of testing conducted in this study, the findings found out that the density 
of the concrete with the replacement of waste materials, glass waste and ceramic waste decreased 
compared to normal concrete. This was due to lighter density property for both glass waste and 
ceramic waste. The compressive strength of the concrete with glass waste and ceramic waste was 
decreasing with the increasing of percentage of replacement. The optimum percentage based on 
the compressive strength test was 10% of replacement for both glass waste and ceramic waste. 
By comparing both glass waste and ceramic waste, the water absorption of concrete with ceramic 
replacement obtained a higher water absorption percentage than glass waste replacement 
concrete. 
 
References 
 
[1] N, Sasitharan and A.  R., Ismail and A., Ade, “ Construction waste management: Malaysian 
perspective,” In: The International Conference on Civil and Environmental Engineering 
Sustainability (IConCEES 2011), Johor Bahru, Malaysia,  3-5 April 2012. 
[2] H. A.Suraya & A. R. Ismail “The Impact on the Utilisation of Micronised Biomass Silica in 
Recycled Aggregate Concrete,” Proceedings of the 3rd SANREM Conference 2010. 
Kuching, Sarawak, 2010. 
Concrete Materials. Series 1 2017 
ISBN 978-967-0764-84-9 
53 
 
[3] S. Y. Qu, B.Zheng, C.Sun and J. Li, “Application of Ceramic Wastes in Concrete,” The 
Open Civil Engineering Journal, 2014, Volume 8, pg. 368-372, 2014. 
[4] K. L. Lee “Strength properties of recycled biomass aggregate (RBA) concrete,” Universiti 
Tun Hussien Onn Malaysia: Undergraduate’s thesis, 2010. 
[5] Eurostat. Retrieved from : http://ec.europa.eu/eurostat, 2011. 
[6] M. Tarmiji, Y. Usman, M. A., Norizawati, S. M. Aimi, “Population and Spatial Distribution 
of Urbanisation in Peninsular Malaysia 1957-2000,” Malaysia Journal of Society and Space, 
8 (2): 20-29, 2012. 
[7] A. M., Latifah, A. S., Mohd Armi, M. Z. NurIlyana, “Municipal Solid Waste Management 
in Malaysia: Practices and Challenges,” Waste Management. 29: 2902-2906, 2009. 
[8] I. Larsen, “Malaysian and International Trend in SWM”, Seminar on Structuring and 
Institutionalizing SWM. Penang, 6 December 2007. 
[9] M. O., Saeed, M. N. Hassan, M. A.Mujeebu, “Assessment of Municipal Solid Waste 
Generation and Recyclable Materials Potential in Kuala Lumpur, Malaysia,” Waste 
Management, 29(7): 2209-2213. 2009. 
[10]   Seow Ta Wee, “New Perspective of Integrated Solid Waste Management in Malaysia,” In 
Proceeding 3rd International Conference on Human Habitat & Environment in the Malay 
World, 19-20 Jun 2012, UKM, Bangi, 2012. 
[11] Indian Concrete Journal. Retrieved from: http://icjonline.com/, 2008. 
[12] Jorge de Brito & Nabajyoti Saikia, “Recycled Aggregate in Concrete, Use of Industrial, 
Construction and Demolition Waste,” Springer-Verlag, London, 2013. 
[13] Hemanth Kumar Ch, K. Ananda Ramakrishna, K. Sateesh Babu, T. Guravaiah, N. Naveen, 
Sk. Jani, “Effect of Waste Ceramic Tiles in Partial Replacement of Coarse and Fine 
Aggregate of Concrete,” International Advanced Research Journal in Science, Engineering 
and Technology. Vol. 2, Issue 6, June 2015. ISSN (Online): 2393-8021& ISSN (Print): 
2394-1588, 2015. 
[14] Sadoon Abdullah & Mizi Fan, “Characteristics of concrete with waste glass as fine 
aggregate replacement,” International Journal of Engineering and Technical Research 
(IJETR). Vol. 2, Issue 6. 2014. 
[15] Medina et al. Retrieved 
from:http://shodhganga.inflibnet.ac.in/bitstream/10603/44004/9/09_chapter%202.pdf, 2009. 
[16] B. V. Kavyateja, P. Narasimha Reddy,  U. Vamsi Mohan.  International Journal of 
Engineering and Technical Research (IJETR). Vol. 5, Issue 2, 2016. 
[17] R. H., V. Sudarsana Giridhar & G. Vaishali “Influence of Water Absorption of the Ceramic 
Aggregate on Strength Properties of Ceramic Aggregate Concrete,” International Journal of 
Innovative Research in Science, Engineering and Technology. Vol. 2, Issue 11, 2013.  
[18] A. Mohd Mustafa Al Bakri, M.N.Norazian, H. Kamarudin, & G. Che Mohd Ruzaidi. “The 
Potential Of Recycled Ceramic Waste As Coarse Aggregates For Concrete,” Malaysian 
Universities Conferences on Engineering and Technology. March 8-10, 2008, Putra 
Brasmana, Perlis, Malaysia, 2008. 
